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© Exterior view inspecting apparatus for circuit board. 

@ The exterior view inspecting apparatus for 
circuit board of the invention comprises : 

a sensor unit for emitting laser beam to an 
object to be inspected, and detecting the dis- 
placement of the object by focusing the reflec- 
ted light on an photoelectric transducer by 
using a receiving lens, 

an optical path converter unit for refract- 
ing the optical path of radiation laser beam, 

a sensor head unit incorporating the sen- 
sor unit and optical path converter unit, 

a control unit for moving the sensor head 
unit along a specified scanning route, 

a correction unit for correcting the dis- 
placement data of the object to be inspected 
detected by the sensor unit, and 

a judging unit for judging the existence 
and position of an electronic component on a 
circuit board from the corrected displacement 
data. 

The optical path converter unit comprises a 
flat sheet glass inclined to the optical path of 
the radiation laser beam, rotating about the 
axial center parallel to the optical path. 

By this optical path converter unit, the optical 
path of the radiation laser beam is refracted so 
that the radiation laser beam scans the circuit 
board drawing a small circular trace, the trace 
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portion of the electronic component on the 
circuit board multiple times. Consequently, the 
existence and position of the electronic compo- 
nent on the circuit board can be detected accu- 
rately. 

Hitherto depending on the scanning only by 
linear scanning, the trace could detect the end 
portion of the electronic component on the 
circuit board only twice. Therefore, the exis- 
tence and position of the electronic component 
on the circuit board could not be detected 
accurately in the past. 
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FIELD OF THE INVENTION 

The present invention relates to an exterior view 
inspecting apparatus for circuit board for detecting 
the existence and position of an electronic compo- 5 
nent on a circuit board. 

BACKGROUND OF THE INVENTION 

Fig. 38 shows a conventional exterior view in- 10 
specting apparatus for circuit board. 

A displacement sensor 11 detects the existence 
and position of an electronic component on a circuit 
board. An X-axis robot 25 and a Y-axis robot 27 moves 
the displacement sensor 11. A pair of conveyors 30 15 
disposed parallel convey a circuit board 4. A sensor 
35 detects the arrival of the circuit board 4. A fixer 40 
fixes the circuit board 4 so that it may not move during 
inspection. A controller 2 is connected through a sig- 
nal cable 8, and controls this apparatus. 20 

As shown in Fig. 39, the X-axis robot 25 and Y- 
axis robot 27 move the displacement sensor 11 ac- 
cording to the position data of an electronic compo- 
nent 5 stored in the controller 2. 

The displacement sensor 11 scans the circuit 25 
board 4 along the route containing the electronic com- 
ponent 5, once in the X- or Y-direction with a laser 
beam. 

By this scanning, the change in distance between 
the displacement sensor 1 1 and the circuit board 4 on 30 
w:»;ch the electronic component 5 is mounted, which 
is called a displacement hereinafter, is detected 

Fig. 40 (a) shows a trace 300 of the laser beam 
emitted by the displacement sensor 11. 

Fig. 40 (b) is a waveform of displacement detect- 35 
ed by the displacement sensor 11, and level Ha de- 
notes the circuit board 4, and level Hb shows the elec- 
tronic component 5. By a threshold value 301 set be- 
tween level Ha and level Hb, both ends L1 and L2 of 
the electronic component 5 are detected. 40 

The exterior view inspecting apparatus for circuit 
board judges the existence of the electronic compo- 
nent 5 if both L1 and L2 are present, and judges the 
absence of the electronic component 5 if neither L1 
nor L2 is present. 45 

Furthermore, the exterior view inspecting appa- 
ratus for circuit board judges that the electronic com- 
ponent 5 is at a correct position if both L1 and L2 are 
in a predetermined area, and judges that the electron- 
ic component 5 is at a wrong position if L1 and/or L2 so 
is outside the predetermined area. 

The conventional exterior view inspecting appa- 
ratus for circuit board, however, does not detect the 
deviation of position of the electronic component s in- 
dicated by broken line 5a or 5b in Fig. 40 (a) because 55 
L1 and L2 in this case cannot be distinguished from 
the correct position of L1 and L2 of the electronic 



This problem may be solved by increasing the 
number of scannings by the displacement sensor 11 , 
but it requires starting and stopping of the X-axis ro- 
bot and Y-axis robot on every scanning, and jt gives 
rise to a new problem of necessity of a long time for 
inspection, which is not preferable. 

The invention hence presents an exterior view in- 
specting apparatus for circuit board capable of de- 
tecting the position of an electronic component on a 
circuit-board accurately and in a short time. 

SUMMARY OF THE INVENTION 

The exterior view inspecting apparatus for circuit 
board of the invention comprises: 

a sensor unit for emitting laser beam to an ob- 
ject to be inspected, and detecting the displacement 
of the object by focusing the reflected light on an pho- 
toelectric transducer by using a receiving lens, 

an optical path converter unit for refracting the 
optical path of radiation laser beam, 

a sensor head unit incorporating the sensor 
unit and the optical path converter unit. 

a control unit for moving the sensor head unit 
along a specified scanning route, 

a correction unit for correcting the displace- 
ment data of the object to be inspected detected by 
the sensor unit, and 

a judging unit for judging the existence and 
position of an electronic component on a circuit board 
from the corrected displacement data. 

The optical path converter unit comprises a flat 
glass plate inclined to the optical path of the radiation 
laser beam, rotating around the axial center parallel 
to the optical path. 

By this optical path converter unit, the optical 
path of the radiation laser beam is refracted so that 
the radiation laser beam scans the circuit board draw- 
ing a small circular trace. 

drawing a small circular trace, the trace can detect 
the end portion c f electronic components on the cir- 
cuit board multiple times. Consequently, the exis- 
tence and position of the electronic components on 
the.circuit board can be detected more accurately. 

Conventionally, the scanning was done by linear 
tracing, so the trace could detect the end position of 
the electronic component on the circuit board only 
twice. 

Therefore, the existence and position of the electron- 
ic component on the circuit board could not be detect- 
ed accurately hitherto. 

In other mode of the exterior view inspecting ap- 
paratus for circuit board of the invention does not 
have the optical path converter unit. 

The sensor unit of it moves drawing a small cir- 
cular trace so that the trace of the radiation laser 
beam drawing a small circle. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view showing the consti- 
tution of an exterior view inspecting apparatus for cir- 
cuit board in a first embodiment of the invention. 5 

Fig. 2 is a block diagram shov/ing the circuit con- 
stitution of the personal computer used in the same 
apparatus. 

Fig. 3 is a front view showing the principle of the 
displacement sensor used in the same apparatus. 10 

Fig. 4 is a perspective view of a sensor head 
showing the refracted trace of laser beam in the same 
apparatus. 

Fig. 5 is a perspective view showing the sticker 
feed part in the same apparatus. 15 

Fig. 6 is a' flow chart showing the method of in- 
spection of presence or absence and deviation of 
position of an electronic component in the same ap- 
paratus. 

Fig. 7 (a) is a conceptual diagram showing the 20 
principle of inspection of the same apparatus. 

Fig. 7 (b) is a plan view shov/ing the trace of the 
laser beam. 

Fig. 8 is a waveform diagram showing the princi- 
ple of inspection of the same apparatus. 25 

Fig. 9 (a) is a perspective view showing the state 
of scanning over an electronic component by the laser 
beam in the same apparatus. 

Fig. 9 (b) is a waveform diagram of the same. 

Fig. 10 is a front view showing the state of scan- 30 
ning over an electronic component by the sensor 
head unit.. 

Fig. 11 (a) is a plan view showing the trace of the 
laser beam in Fig. 10. 

Fig. 11 (b) is a waveform diagram of the height 35 
data of Fig, 10. 

Fig. 12 is a flow chart for judging the presence or 
absence and deviation of position of an electronic 
component. 

Fig. 13 is a plan view showing the state of scan- 40 
ning over an electronic component mounted in a 
wrong position by the sensor head unit of the appa- 
ratus. 

Fig. 14 is a plan view showing the trace of laser 
beam in Fig. 15. 45 

Fig. 15 is a waveform diagram of the height data 
in Fig. 13. 

Fig. 16 is an essential perspective view showing 
a sensor head unit of an exterior view inspecting ap- 
paratus for circuit board in a second embodiment of 5b 
the invention. 

Fig. 1 7 is a front view showing the state of scan- 
ning over an electronic component by the sensor 
head unit in the same embodiment. 

Fig. 18 is a plan view showing the trace of laser 55 
beam in Fig. 17. 

Fig. 1 9 is a waveform diagram showing the height 



Fig. 20 is a front view shov/ing the state of scan- 
ning over an electronic component mounted in a 
wrong position by the sensor head unit in the same 
embodiment. 

Fig. 21 is a plan view shov/ing the trace of laser 
beam in Fig. 20. 

Fig. 22 is a waveform diagram of height data of 
the electronic component in Fig. 20. 

Fig. 23 is an essential perspective view showing 
a sensor head unit of an exterior view inspecting ap- 
paratus for circuit board in a third embodiment of the 
invention. 

Fig. 24 is an essential perspective view showing 
the trace of refracted laser beam in the same embodi- 
ment. 

' Fig. 25 is a front view showing the state of scan- 
ning over an electronic component ~by the sensor 
head unit in the same embodiment. 

Fig. 26 is a plan view shov/ing the trace of the las- 
er beam in Fig. 25. 

Fig. 27 is a waveform diagram of height data of 
the electronic component in Fig. 25. 

Fig. 28 is a front view showing the state of scan- 
ning over an electronic component mounted in a 
wrong position by the sensor head unit in the same 
embodiment. 

Fig. 29 is a plan view shov/ing the trace of the las- 
er beam in Fig. 28. 

Fig. 30 is a waveform diagram of height data of 
the electronic component in Fig. 28. 

Fig. 31 is an essential perspective view showing 
a sensor head unit of an exterior view inspecting ap- 
paratus for circuit board in a fourth embodi ment of the 
"invention. 

Fig. 32 is a flow chart showing the method of in- 
spection of presence or absence and deviation of 
position of an electronic component in the same em- 
bodiment. 

Fig. 33 is a perspective view showing the state of 
scanning over an electronic component by the sensor 
head unit in the same embodiment. 

Fig. 34 (a) is a plan view showing a scanning ex- 
ample of a sensor head unit in a fifth embodiment of 
the invention. 

Fig. 34 (b) is a plan view showing a scanning ex- 
ample in the case of varying the radius of rotation of 
the same laser bean. 

Fig. 35 is a perspective view explaining the angle 
variable mechanism of a flat sheet glass in the same 
embodiment. 

Fig. 36 (a) is an essential side view showing the 
detail of a sensor head unit in a sixth embodiment of 
the invention. 

Fig. 36 (b) is its bottom view. 

Fig. 37 is a side view showing the means for vary- 
ing the radius of rotation in a seventh embodiment of 
the invention. 
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tution of a conventional exterior view inspecting ap- 
paratus for circuit board. 

Fig. 39 is an essential perspective view showing 
the state of scanning over an electronic component by 
a displacement sensor in Fig. 38. 5 

Fig. 40 (a) is a plan view showing the trace after 
scanning in Fig. 39. 

Fig. 40 (b) is a waveform diagram of the same 
height data. 

10 

DETAILED DESCRIPTION OF THE INVENTION 
(Example 1) 

Fig. 1 is a perspective view showing an exterior 15 
view inspecting apparatus for circuit board of the !n- 
- vention, which comprises an inspection unit 1 for de- 
tecting the existence and position of an electronic 
component, and a personal computer 2 for controlling 
the inspection unit 1. 20 

The inspection unit 1 comprises a sensor head 
unit 10 for detecting an electronic component 5 
mounted on a circuit board 4 possessing an origin 
hole 6, an X-axis robot 25 for moving the sensor head 
unit 10, an auxiliary robot 26 disposed parallel to the 25 
X-axis robot 25, a Y-axis robot 27 disposed on the 
auxiliary robot 26 orthogonally to the X-axis robot 25, 
a conveyor unit 30 consisting of a first conveyor rail 
37 and a second conveyor rail 38 for conveying the 
circuit board 4, an arrival sensor 35 for detecting the 30 
arrival of the conveyed circuit board 4 at the detection 
position, a fixer 40 consisting of a cylinder 41 and a 
block 42 for fixing the circuit board 4 so as not to be 
vibrated during inspection, a sticker feeder 50 for 
marking a defective position, and a suction head 60 35 
for marking the defective position with a sticker. 

Fig. 2 is a block diagram showing a circuit config- 
uration of the personal computer 2. In a memory cir- 
cuit 70, the shape of the electronic component 5, cir- 
cuit board shape, mounting information position in- 40 
formation (these are collectively called basic infor- 
mation) and the origin information of the circuit board 
4 are stored. 

A mounting position judge circuit 71 issues the 
shape and mounting direction of the electronic com- 45 
ponent 5. A scanning signal output circuit 72 controls 
the X-axis robot 25 and Y-axis robot 27 by the infor- 
mation from the mounting position judge circuit 71. A 
rotation signal output circuit 73 controls the rotation 
of a refractor of the sensor head unit 10 by the infor- so 
mation from the mounting position judge circuit 71. In 
a correction circuit 74, the data from a displacement 
sensor 11 is corrected. 

In a judge circuit 75, by the information from the 
correction circuit 74, the existence and position of an 55 
electronic component are judged. In an interface cir- 
cuit 76, the conveyor unit 30, arrival sensor 35, fixer 



connected through signal cables 8. 

Fig. 3 shows the displacement sensor 11. The 
displacement sensor 11 measures the displacement 
by the trigonometric method. A laser beam 13 emitted 
from a light source 12a is refracted by a refractor 14 
made of flat sheet glass. The refractor 14 is support- 
ed on a pipe 15. A servo motor 20 rotates the pipe 15 
as required. 

Numeral 12c denotes a receiver composed of 
multiple photoelectric transducers. The laser beam 
13 emitted from the light source 12a is reflected by 
the circuit board 4 and electronic component 5, and 
passes through the lens 12b and enters the receiver 
12c. Depending on the position of input of reflected 
light in the receiver 12c, the displacement is detected. 

Fig. 4 is a perspective view showing the sensor 
head unit 10 and suction head unit 60 mounted on the 
Y-axis robot 27. The displacement sensor 11 is 
mounted on a bracket 21 . 

The pipe 15 is rbtatably inserted in a bearing 16. 
The refractor 14 is mounted on the pipe 15 at an in- 
clination to the axial direction. 

When the motor 20 rotates, the pipe 15 and re- 
fractor 14 rotate through the belt 3. Consequently, the 
laser beam 1 3 changed in optical path by the refractor 
14 rotates together with the refractor 14. 

The suction head unit 50 comprises a cylinder 61 , 
a suction nozzle 64, and a bracket 63 for fixing the 
suction nozzle 64 and cylinder 61. The cylinder 61 
moves in the direction of arrow D by air pressure, and 
the suction nozzle 64 moves together with the cylin- 
der 61. 

Fig. 5 is a perspective view of the sticker feeder 
50. The stickers 52 are adhered to a base paper 53 
at specific intervals, and guided from a reel 54 to a 
feed stage 56. The stickers 52 are attracted to the 
suction nozzle 64 on the feed stage 56. The base pa- 
per 53 is taken up on a reel 58 by rotation of a motor 
57. 

As shown in Fig. 1 , the circuit board 4 is conveyed 
up to the inspection stage by the conveyor unit 30, 
and v/hen the arrival sensor 35 detects the arrival of 
the circuit board 4, the conveyor unit 30 stops. In con- 
sequence, the fixer 40 presses the circuit board 4 
against the conveyor rail 38 to fix so as not to move 
during inspection. 

Next, the position of the origin of the X-direction 
and Y-direction is determined. On the basis of the in- 
formation possessed by the memory circuit 70 in the 
personal computer 2, the X-axis robot 25 and the Y- 
axis robot 27 move the displacement sensor 11. The 
displacement sensor 11 scans the circuit board 4, de- 
tects the edge.of the origin hole 6, and determines its 
central position by calculation. The obtained central 
position is the position of the origin. 

In the memory circuit 70 of the personal comput- 
er 2. the shape of the electronic component 5 and the 
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formation, the electronic component 5 mounted on 
the circuit board 4 is scanned once by the displace- 
ment sensor 11. By judging the signal generated by 
the displacement sensor 11 by the judge circuit 75 in 
the personal computer 2, the existence and position 5 
of the electronic component 5 can be detected. 

Furthermore, when scanning the electronic com- 
ponent 5, by simultaneously scanning the circuit 
board in its vicinity, the height of the electronic com- 
ponent 5 from the circuit board is detected. If defect 10 
is judged as a result of detection, the suction head 
unit 60 moves onto the sticker feed stage 56, and the 
suction nozzle 64 is lov/ered to suck the sticker 52. 
The suction head unit 60 then moves onto the defec- 
tive position. The suction nozzle 64 sucking the stick- 15 
er 52 descends on the electronic component 5 and 
cancels the suction, so that the sticker 52 is adhered • 
to the electronic component 5. This action is repeated 
. whenever a defect occurs. 

When marking is over, the fixing block 42 cancels 20 
the fixing of the circuit board. The circuit board 4 is 
conveyed to the next process by the conveyor unit 30. 
Fig. 6 is a flow chart showing this flow. 

As shown in Fig. 7, the laser beam 13 emitted 
from the light source 12a is reflected by B1 of the 25 
measuring surface 91 if the refractor 14 is not provid- 
ed, and is focused on B 1a on the receiver 1 2c through 
the lens 12b. When the measuring surface is 92, re- 
flected by B10, the laser beam is focused on B2a on 
the receiver 12c, and by the difference of B1a and 30 
B2a, the displacement of the measuring surface 91 
and measuring surface 92 is measured. When the 
measuring surface is 91, if the refractor 14 is at the 
position of solid line, the laser beam 13 is emitted to 
B2 according to the Snell's law. When the refractor 14 35 
is at the position of the broken line, the laser beam 1 3 
is emitted to B3. Therefore, by rotating the refractor 
14, the trace of the laser beam 13 on the measuring 
surface 91 becomes as shown in Fig. 7 (b). 

In this way, when the refractor 14 is as indicated 40 
by solid line in Fig. 7 (a), the laser beam 13 is emitted 
to B2. This is equivalent to emission to B10 as seen 
from the receiver 1 2c. When the refractor 14 is as in- 
dicated by broken line in Fig. 7 (a), the laser beam 13 
is emitted to B3. This is equivalent to emission to B11 45 
.as seen from the receiver 12c. 

That is, when the refractor 14 is present, if the 
measuring surface is specific, the output of the dis- 
placement sensor 11 varies depending on the rota- 
tional angle 9 of the refractor 14. When the refractor so 
14 is rotated a revolution, the output waveform of the 
displacement sensor 11 is 200 in Fig. 8. It is neces- 
sary to correct in order that the output of the displace- 
ment sensor 11 may not be influenced by the rotation- 
al angle 8 of the refractor 14. 55 

From the dimensions of the parts in Fig. 7 (a), the 
following expressions are established. 



(2) H2/S2 = (Z1 - H2)/X1 
Herein, supposing the rightward direction in Fig. 7 (a) 
to be the + direction of the X-coordinate, the down- 
ward direction to be the + direction of the Z-coordin- 
ate, the displacement "of the laser beam 13 to be S, 
and the change of measuring surface to be Hs, the 
above formulas (1) and (2) can be expressed in (3). 

(3) Hs = (Z1 x S)/(X1-S) 
Moreover, 

(4) S = rCOS 8 
The distance up to the measuring surface 91 
measured by the displacement sensor 11 in the pres- 
ence of the refractor 14 is H, and the true distance in 
the absence of the refractor 14, that is, from the dis- 
placement sensor 11 to the measuring surface 91 is 
Z1, and hence 

(5) * * H = Hs + Z1 
Therefore, the true distance Z1 desired to be deter- 
mined is expressed as follows from the formulas (3), 
(4), (5). 

Z1 = H(X1 - rCOS9)/X1 
This formula shows that the true distance Z1 can be 
determined by correcting the distance H up to the 
measuring surface 91 measured by the displacement 
sensor 11 by using the rotational angle 9 of the refrac- 
tor 14, the radius of rotation r, and distance X1 . When 
corrected by using this formula, the output v/aveform 
of the displacement sensor 11 in Fig. 8 is 201, which 
is flat regardless of 0 . 

Fig. 9 (a) shows the trace of one revolution of the 
laser beam 13 over the electronic component 5, and 
the waveform of displacement measured by the dis- 
placement sensor 11 at this time is 202 in Fig. 9 (b). 
Correction of this waveform yields 203. As a result, 
the position and thickness t of the electronic compo- 
nent can be measured. 

Fig. 10 shows the inspection of circuit board by 
employing such method and correction. Fig. 11 
shows the trace of scanning and waveform of dis- 
placement. 

As shown in Fig. 10, the displacement sensor 11 
scans once over the electronic component 5 on the 
circuit board. The laser beam 13 is turning by the ro- 
tation of the motor 20, and hence the tracing of the 
laser beam 1 3 is spiral 1 00. 

Fig. 11 (b) shows the waveform (corrected) 102 
of displacement. By setting a threshold 101 between 
the displacement level Hb of the circuit board 4 and 
the displacement level Ha of the electronic compo- 
nent 5, the displacement changing points L1 to 2, W1 
to 4 can be detected. 

The position and height of the electronic compo- 
nent 5 on the circuit board 4 can be detected accord- 
ing to the fiow chart in Fig. 12 from the positions of 
the displacement changing points L1 to 2, W1 to 4. 

Fig. 13 and Fig. 14 show the case of scanning 
over the electronic component 5 deviated in position 
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by the displacement sensor 11 while rotating the re- 
fractor 14. 

In the diagrams, the solid line refers to the. elec- 
tronic component 5 mounted at a wrong position, and 
the broken line indicates the correct position of the 5 
electronic component 5. 

The output waveform of the displacement sensor 
11 is indicated by solid line in Fig. 15, but if th<=> posi- 
tion of the electronic component 5 is not deviated, it 
should be indicated by broken line. The waveform of 10 
broken line is obtained from the basic information 
stored in the memory circuit 70 in the personal com- 
puter 2, which includes the correct position informa- 
tion of the electronic component 5. By comparing the 
waveform of broken line and the waveform of solid 15 
line in Fig. 1 5, the deviation of position of the electron- 
ic component 5 can be detected. 

(Example 2) 

20 

The constitution of the exterior view inspecting 
apparatus for circuit board of the embodiment is same 
as in Example 1, and is not hence described herein. 

Fig. 16 shows the sensor head unit, in which the 
servo motor 80 rotates normally and reversely, inter- 25 
mittently, to drive the refractor 14. 

! n Fig. 1 7 and Fig. 1 8, the displacement sensor 1 1 
scans once over the electronic component 5 in the di- 
rection of arrow G. By intermittent normal and re- 
verse rotation of the servo motor, the trace of the las- 30 
er beam is trapezoidal. 

The basic information including the position and 
shape of the electronic component 5 is stored in the 
memory circuit 70 of the personal computer 2. The 
scanning route of the displacement sensor 11 is de- 35 
termined by the position information of the electronic 
component 5. The width of the trapezoid of the trace 
of the laser beam is set smaller than the width of the 
electronic component 5 by the shape information of 
the electronic component 5. 40 

In Fig. 18, the refractor 14 stops before M1, ro- 
tates normally from M1 to M2, stops from M2 to M3, 
rotates reversely from M3 to M4, stops from M4 to M5, 
rotates normally from M5 to M6, and stops after M6. 

Fig. 19 shows the waveform (corrected) of the 45 
height data delivered from the displacement sensor 
11, and the height is the same from M1 to M6. 

As the judge circuit 75 in the personal computer 
2 judges that there is no changing point of the height 
level and height data, it is judged that the electronic so 
component 5 has been mounted correctly. 

If there is any changing point of the height data, 
by comparing with the basic information stored in the 
memory circuit 70 in the personal computer 2, it isln- 
spected whether the electronic component 5 has 55 
been mounted correctly or not 

Fig. 20 and Fig. 21 show the case of the displace- 



nent 5 deviated in position in the direction of arrow L, 
in the trapezoidal trace in the direction of arrow G. In 
the diagram, the solid line indicates the electronic 
component 5 mounted in a v/rong position, and the 
broken line shows the correct position of the electron- 
ic component 5. 

The output waveform of the displacement sensor 
11 is indicated by solid line in Fig. 22, and if there is 
no deviation of position in the electronic component 
5, itshould be indicated by broken line. The v/aveform 
of broken line can be obtained from the basic infor- 
mation stored in the memory circuit 70 in the personal 
computer, this information containing the correct pos- 
ition information of the electronic component 5. By 
comparing the waveform of broken line and the wa- 
veform of solid line.in Fig. 22, the deviation of position 
of the electronic component can be detected. 

In the embodiment, the trace of the laser beam 
is trapezoidal, but it may be also sinusoidal wave, tri- 
angular wave, or sawtooth wave. 

(Example 3) 

The constitution of the exterior view inspecting 
apparatus for circuit board of this embodiment is 
same as in Example 1, and is not described herein. 

Fig. 23 shows a sensor heed unit. Parallel to the 
laser beam emitted from the displacement sensor 1 1 , 
the pipe 15 coupled with the pulley 17 is rotatably in- 
stalled. The motor 20 rotates the pipe 15 through a 
belt 18. On the pipe 15, a refractor 81 having a width 
W is mounted at an inclination in the axial direction. 

As shown in Fig. 24, the laser beam emitted from 
the displacementsensor 1.1 is intermittently interrupt- 
ed by the rotation of the refractor 81 , and the optical 
path is changed. That is, when the refractor 81 is posi- 
tioned in the optical path of the laser beam, the laser 
beam is refracted. 

As shown in Fig. 25, the displacement sensor 11 
scans over the electronic component 5 mounted on 
the circuit board 5 once in the direction of arrow G. As 
mentioned above, the laser beam is refracted by the 
refractor 81 when the refractor 81 is on the optical 
path, and passing over the electronic component 5, 
while rotating in the same direction as the refractor 
81. Fig. 26 shows the trace of the laser beam. 

Of the output of the displacement sensor 1 1 , the 
laser beam is corrected in the correction circuit 74 in 
the personal computer 2 by the portion refracted by 
the refractor 81. 

Fig. 27 shows the waveform of the height data 
(corrected) issued from the displacement sensor 11. 

By comparing the changing point of the height 
level and height data with the basic information stor- 
ed in the memory circuit 70 in the personal computer 
2, the judge circuit 75 in the personal computer 2 de- 
tects the existence and position of the electronic 
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nent 5 has been mounted correctly or not. 
(Example 4) 

The constitution of the exterior view inspecting 5 
apparatus for circuit board in the embodiment is same 
as in Example 1. and is not described herein. 

Fig. 31 shows the sensor head unit. The displace- 
ment sensor 1 1 is fixed through a bar 83 rotatabiy held 
on a pulley 85 by a bearing (not shown). One end of 10 
a lever 86 is fixed to the bar 83, while the other end 
of the lever 86 is rotatabiy coupled with one end of a 
lever 87. The displacement sensor 11 always indi- 
cates nearly the same direction as the lever 86. The 
other end of the lever 87 is rotatabiy coupled with a 15 
bracket 82. 

By the rotation of the motor 20, the pulley 85 is 
rotated, and the bar 83 rotates together with the pulley 
85. The displacement sensor 11 moves together with 
the bar 83, while indicating nearly the same direction 20 
as the lever 86. 

In Fig. 33, the displacement sensor 11 scans over 
the electronic component 5 once in the direction of G 
while rotating in the direction of arrow E. The meas- 
ured data obtained from the displacement sensor 11 25 
is fed into the personal computer 2. However, since 
the optical path of the laser beam is not changed by 
the refractor, it is not necessary to correct the meas- 
ured data as shown in the flow chart in Fig. 32. The 
waveform of the trace and height data of laser beam 30 
is same as in Fig. 11 relating to Example 1. 

In this embodiment, meanwhile, since it is not 
necessary to correct the height data, the calculation 
time is short and it is efficient. To heighten the preci- 
sion of inspection in the embodiment, meanwhile, 35 
needless to say, it is better to increase the rotating 
speed of the laser beam. 

(Example 5) * 

40 

The constitution of the exterior view inspecting 
apparatus for circuit board in the embodiment is same 
as in Example 1, and is not described herein. 

The electronic component 5 in the dimensions in- 
dicated by solid line in Fig. 34 (a) can be measured by 45 
laser beam having the trace in the diameter of r. How- 
ever, the electronic component 5 of smaller size in the 
dimensions indicated by broken line cannot be meas- 
ured by the laser light having the trace in the diameter 
of r. The diameter of the trace of the laser beam can so 
be changed by the inclination angle of the refractor. 
In this embodiment, by attaching the axis 14a for ro- 
tation to the refractor 14, the inclination angle of the 
refractor can be changed. The diameter of the trace 
of the laser beam is r1 as shown in Fig. 34 (b), so that 55 
the electronic component 5 of smaller size in the di- 
mension indicated by broken line can be measured. 

T-U U - r 



a known mechanism, and the description is omitted. 
(Example 6) 

The constitution of the exterior view inspecting 
apparatus for circuit board in the embodiment is same 
as in Example 1, and is not described herein. 

In Fig. 36 (a), (b), the motor 20 rotates the refrac- 
tors 14a and 14b provided in pipes 15a and 15b 
through a drum 18a. The inclination angle differs be- 
tween the refractors 14a and 14b, and the refractor 
14a refracts the laser beam 13. In Fig. 36 (b), when 
the pipe 15a comes to the position indicated by brok- 
en line by a mechanism not shown herein, and the 
pipe 15b at the position once occupied by the pipe 
15a, the diameter of the trace of the laser beam can 
be varied. 

(Example 7) 

Instead of the refractor 14, by varying the interval 
of the pair of trapezoidal glass sheets 14c and 14d 
shown in Fig. 37, the diameter of the trace of the laser 
beam can be varied, same as in Example 6. 

Claims 

1. An exterior view inspecting apparatus for circuit 
board comprising: 

a sensor unit for emitting laser beam to an 
object to be inspected, and detecting the dis- 
placement of the object by focusing the reflected 
•light on an photoelectric transducer by using a re- 
ceiving lens, 

an optical path converter unit for refract- 
ing the optical path of radiation laser beam, 

a sensor head unit incorporating the sen- 
sor unit and the optical path converter unit. 

a control unit for moving the sensor head 
unit along a specified scanning route, 

a correction unit for correcting the dis- 
placement data of the object to be inspected de- 
tected by the sensor unit, and 

a judging unit for judging the existence and 
position of an electronic component on a circuit 
board from the corrected displacement data. 

2. An exterior view Inspecting apparatus for circuit 
board of claim 1, 

wherein the optical path converter unit 
comprises a flat sheet glass inclined to the optical 
path of the radiation laser beam, and this flat 
sheet glass rotates at least in one rotation mode 
out of three modes, continuous rotation, intermit- 
tent rotation, and intermittent inversion, around 
the axial center parallel to the optical path. 
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3. An exterior view inspecting apparatus for circuit 
board of claim 1, 

wherein the correction unit corrects the 
detection error of the displacement data of the 
object of inspection, which is generated by the 5 
existence of the optical path converter unit, by 
using 

the rotational angle of the optical path con- 
verter unit, the refracted distance of the optical 
path of the radiation laser beam in the optical 10 
path converter unit, and the distance between 
the optical path and receiving lens. 

4. An exterior view inspecting apparatus for circuit 
board of claim 1, 15 

wherein the optical path converter unit 
comprises a flat sheet glass inclined to the optical 
path of the radiation laser beam, and 

this flat sheet glass moves in and out of the 
optical path, and refracts the optical path when 20 
getting into the optical path. 

5. An exterior view inspecting apparatus for circuit 
board of claim 1, 

wherein the optical path converter unit 25 
comprises a flat sheet glass inclined to the optical 
path of the radiation laser beam, and 

means for adjusting the inclination of the 
flat sheet glass to the optical path. 

30 

6. An exterior view inspectir.y apparatus for circuit 
board of claim 1 , further comprising: 

a plurality of optical path converter units, 

and 

means for disposing selectively one of the 35 
plurality of optical path converter units on the 
optical path of radiation laser beam. 

7. An exterior view inspecting apparatus for circuit 
board of claim 1, 40 

wherein the optical path converter unit is 
comprising 

a pair of lenses having confronting 
slopes on the optical path of radiation laser 
beam. 45 

8. An exterior view inspecting apparatus for circuit 
board of claim 1 , further comprising: 

a sensor unitfor emitting laser beam to the 
object of inspection, and focusing the reflected 50 
light on the photoelectric transducer by using the 
receiver lens to detect the displacement of the ob- 
ject of inspection, 

a controller for moving the sensor unit 
along a specified scanning route, while drawing 55 
a specified form of the trace of the optical path 
of the radiation laser beam, and 



position of an electronic component on the circuit 
board from the displacement data detected by 
the sensor unit. 
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